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Abstract 



PROBLEM TO BE SOLVED: To obtain an ultrafine polypropylene fiber for nonwoven fabric, produced by 
melt-spinning method and having a fineness of <0.5 de. 

SOLUTION: This ultrafine polypropylene fiber is produced by adding 0.001-5 pts.wt. of a nucleation agent to 
form a &beta -crystal, to 100 pts.wt. of a homopolypropylene or an ethylene-propylene copolymer containing 
<=4 wt.% of ethylene unit and having a melt flow rate of 20-1,500 g/10 min, melt-spinning the obtained 
polypropylene resin composition under slow-cooling and highly drawing the produced undrawn yarn. A 
nonwoven fabric produced by using the ultrafine polypropylene fiber has improved liquid-retention as a battery 
separator and improved dust-collecting and filtering performance as a filter. 
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(57) [Abstract] 

[Problem] Offer of ultrafine polypropylene fiber for nonwove 
n fabric under fineness 0.5 denier due to melt spinning method 

[Means of Solution] Honrpolypropylene or ethylene content 
where melt flow rate is 20 to 1500 gaOnin polypropylene 
resin composition whichthe 0.00 1 to 5 parts by weight adds 
nucleating agent which forms crystal visra-vis ethylene - 
propylene copolymer 100 parts by weight ofthe 4 wt% or less 
after melt spinning, altitude drawing unstretched fiber whichis 
acquired, under gradual cooling, it is a ultrafine polypropylene 
fiber which becomes, as for thenonwoven fabric which uses this 
ultrafine polypropylene fiber, with battery separator 
application liquid retention capacity improves, withthe filter 
application dust collection and filtration capacity improve. 

[daim(s)] 

[Claim 1] Homopolypropylene or ethylene content where mel 
t flowrate is 20 to 1500 g^lO nin polypropylene resin 
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corrpositionwhichtheO.OO 1 to 5 parts by weight adds 
nucleating agent which forms crystal vis-a-vis ethylene - 
propylene copolymer 100 parts by weight ofthe 4 wt% or less 
after melt spinning, drawing unstretched fiber which isacquired 
under gradual cooling, ultrafine polypropylene fiber which 
becomes. 

[Claim2] Drawing unstretched fiber where crystal content i 
s 15 % or higher, ultrafine polypropylene fiber which itstates in 
Claim 1 which becomes. 

[Clairn3] Ultrafire polypropylene fiber which is stated in CM 
m 1 or Qaim2 where fineness is under the0.5 denier. 

[Claim4] Nonwoven fabric which consists of ultrafine polypr 
opylene fiber which is stated in Claim 1 to 3. 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention regards, higfi 
drawing ultrafine polypropylene fiber especially battery 
separator, regards the mask and ultrafine polypropylene fiber 
for various filter or other nonwoven fabric. 
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[Prior Art] Generally, necessary function which is sougjit as non 
woven fabric for the filter is that dust collecting property is 
high, necessary function which issought as nonwoven fabric for 
battery separator is that liquid retention capacity is high In 
order to raise these functions, it is necessary to make fiber 
diameterwhich forms nonwoven fabric thin and to designate 
nonwoven fabric construction as dense. But, when 
polypropylene resin is designated as starting material, with 
conventional melt spinning method frorrthe limit of draw ratio, 
only fiber of fineness of 0.7 denier extent it isacquired, as for 
making ultrafine of polypropylene fiber feet that it is difficultis 
present state. In addition, if it is a melt blowing method not to 
bea melt spinning method, nonwoven fabric of theextremely 
thin fiber of polypropylene is production possible, but with this 
technique, the rmnufacturing cost is high, it has possessed 
problem that at same time thestrength of this said nonwoven 
fabric is low. 



[0003] 



[0003] 

[Problems to be Solved by the Invention] Objective of this inve 
ntion is to offer ultrafine polypropylene fiber for nonwoven 
fabric under thefineness 0.5 denier fromabove-mentioned 
viewpoint, with melt spinning method . 
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[0004] 

[Means to Solve the Problems] As for these inventors, in order 
that above-mentioned problemis achieved^ for result of doing 
diligent research , feet that polypropylene fiber of thefineness 
under 0.5 denier is acquired composition which adds crystal 
nucleating agent tothe polypropylene which had specific 
fluidity after melt spinning, bydrawing under gradual cooling 
was discovered, this invention was completed namely, this 
invention honrpolypropyiene or ethylene content where melt 
flow rate is 20 to 1500 g^lO nin thepolypropylene resin 
composition which 0.00 1 to 5 parts by weight adds nucleating 
agent which forms crystal vis-a-visthe ethylene - propylene 
copolymer 100 parts by weight of 4 wt% or less after melt 
spinning, drawing unstretched fiberwhich is acquired under 
gradual cooling, is ultrafine polypropylene fiber which becomes. 
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[0005] 

[Enixxliment of Invention] 1. polypropylene 

As for polypropylene in this invention, melt flow rate (Below , 
MFR you call) homopolypropylene or ethylene content ofthe 
20 to 1500 g/10 nin aid preferably 30 to 500 g/10 nin is 
ethylene - propylene copolymer of 4 wt% or less. When MFR 
of polypropylene is under 20 g'lO nin, draw ratio does notrise 
and in stretching process after melt spinning ultrafine 
polypropylene fiber is not acquired In addition, when MFR 
exceeds 1500 gf 10 nin, fluidity being toohigh, thing itself 
which does melt spinning it becomes difficult. In case of 
ethylene - propylene copolymer, ethylene content is 4 wt% or 
less and preferably 2.5 wt% or less. When ethylene content 
exceeds 4 wt%, from feet that crystallization temperature of 
theethylene - propylene copolymer becomes low, melt adhesion 
of polypropylene fiber happens and it becomesdifficult to do 
melt spinning. Furthermore, as for molecular weight 
distribution (Mw/Mn) due to GPC method of polypropylene, it 
isdesirabletobea2to6. If it is inside thisrangp, hindrance 
comes to melt spinning and drawingand is not. When 
molecular weight distribution exceeds 6, there is a possibility 
stretching propertybeing inpaired with influence of high 
molecular weight component, is not desirable. 

[0006] 2. crystal nucleating agent 

Regarding to this invention, as nucleating agent which forms 
crystal which ituses, is acquired by melt spinning if it is a 
crystal nucleating agent which promotes the crystal 
conversion of crystal systemof polypropylene unstretched 
fiber which, it is good any kindof ones, but especially, you can 
list - quinacridone , two coirponents fomingnucleating 
agent or anide type compound etc. 
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[0007] Two conponents forning nucleating agent, being a 

crystal nucleating agent which is formed by nixing the 
component A and component B, it is slated in Japan 
Unexamined Patent Publication Showa 61 - 28 1105 disclosure, 
namely, component A is organic dibasic acid , for example 
pimelicacid, azelaic acid, o-phthalic acid and terephthalic 
acid and isophthalic acidetc, component B oxide of Group II 
metal, for example magnesium, calcium, strontiumand 
barium, is hydroxide or acid salt, acid salt of component Bis 
inorganic acid or org3nic acid , for example carbon dioxide and 
stearic acid or other salt. In addition, component B may be 
one of additive which alreadyexists in propylene composition. 

[0008] As amide type compound, it is a amide type compound 
which is stated in Japan Urexanined Patent Publication Hei 8- 
144122 disclosure. You can list anide type compound of one 
kind or 2 kinds or more which are displayedwith namely, 
General Formula (1) or (2). 

R2-NHCO-R1-CONH-R3 (1) 

(In Formula, Rl aliphatic carbolic acid residue of carbon nu 
mber 1 to 24 saturated or unsaturated, displays cycloaliphatic 
dicarboxyiic acid residue ofthe saturated or unsaturated of 
carbon number 4 to 28 or aromatic dicarboxyiic acid residue of 
carbonnumber 6 to 28. R2 and R3 display groip whichis 
shown with ttealike or different , carbon number 3 to 18 
cycloalkyi group , carbonnumber 3 to 12 cycloalkenyi group , 
General Formula a, General Formula b, General Formulae or 
theGeneral Formula d ] 

[0009] 

[Chemical Formula 1] 



(In Formula, R4 alky! group of carbonnumber 1 to 12 straight 
chain or branched chain or alkenyl group of thecarbon number 
2 to 12 strai^it or branched, di^)lays carbon number 6 to 10 
cyanoalkyigroip or phenyl groi^x ] 

[0010] 

[Chemical Formula 2] 



(In Formula, as for R5R4in&neralFormulaaanditissynoiy 
mous. ] 
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[0011] 

[ChaiicalFormila3] 

(In Formula, R6 displays alkyiene group of carbon number 1 to 
4 straight or branched ] 

[0012] 

[Chsnical Foraula 4] 

(In Formula, as for R7 R6 in General Formulae and it issynony 
mous. ] 

[0013] 

R9-CONH-R8-NHCO-R10 (2) 

(In Fonrula, as for Rs as for Rl and R9intheGeneralForrmla 
(1) as for R2 and RlO in General Fonmla (1) R3 in theGeneral 
FormJa (1) it is synonymous respectively. ] 

Cbncretely, NJvP-di cyclohexyl - 2,6 - naphthalene dicarboxy 
anide , N^-di cyclohexyl terephthalarride , NJvF-di phenyl 
hexane di arride , N,N-di cyclohexane carbonyl -p - 
prmylenedianine andN^ST-di benzoyl - 1,4-di amino 
cyclohexane etc are listed, are sold as these crystal 
nucleating agendas NJStar (tradename) from New Japan 
Chenical Co. Ltd (DB 69-057-6236). 

[0014] Regarding to this invention, compounded amount of 
crystal nucleating agent is 0.00 1 to 5 parts by weight and the 
preferably 0.005 to 1 part by weight vis-a-vis polypropylene 
100 parts by weight. Uhder 0.00 1 part by weight, crystalis 
difficult to form in unstretched fiber, on onehand, exceeding 5 
parts by weight, containing, superiority of effect is 
notrecognized, causes yam break etc conversely at time of 
yarn-spinning. It is possible to corrbine this said nucleating 
agent, at time of polypropylene composition preparation and, 
theto master batch converting, polypropylene composition 
and dry blend it is possible to do. 

[0015] 3. other additive 

Modifier for polyolefin of as needed prior public knowledge can 
bejoindyusedintedtrafire of this 
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invention according to use obj ective. It is a for exanple 
antioxidant, a ultraviolet absorber , a photostabilizer , a 
antistatic agent , a surfactant , a neutralizing agent , a 
dispersant , a epoxy stabilizer , a plasticizer , a lubricant , a 
antibiotic , a fire retardant , a filler , a blowing agent , a 
foaningaid,a crosslinking agent , a crosslinking auxiliary 
agent and a pigment etc. As antioxidant, you can list phenol 
type antioxidant , phosphorus type antioxidant , sulfur type 
antioxidant and the anine type antioxidant and vitarrin etc. 
metal soap , hydrotalcite (DANA 16b.6.2.1) and lithium 
aluninumcompound hydroxide salt , you can list the silicate, 
metal oxide and metal hydroxide etc as neutralizing agent 
which combines the dispersant. 

[0016] Manufacturing riE^ of 4. ultrafine polypropylene fib 
er 

(1) Production of polypropylene unstretched fiber 

Formation of polypropylene undrawn fiber generally is done by 
melt extrusion molding . By for exanple polypropylene 
undrawn polypropylene yarn is acquired melt spinning doing 
through spinneret, stretching property of unstretched fiber 
which is acquired with melt extrusion molding making use ofthe 

crystal nucleating agent containing polypropylene 
composition of this invention, this way in order to improve, to 

cr>^cx)iivnerting from crystal system of polypropylene 
unstretched fiber has necessity. This is because crystal of 
polypropylene it is a crystal system which is easy todeteriorate 
with external force . Therefore, as for crystal systemof 
polypropylene unstretched fiber it is desirable for crystal 
contentto be 15 % or higher and preferably 30 % or higher. 
When crystal content of crystal systemof polypropylene 
unstretched fiber is under 1 5 %, crystalit cannot utilize 
feature which is easy to deteriorate with theexternal force 
cannot see improvement of draw ratio for most part, iaiot 
desirable. 

[0017] Gradual cooling fiber wttchyarr^spirmingisdoneitisne 
cessary at thetime of melt spinning under existing of crystal 
nucleating agent as method whichpromotes crystal 
conversion of crystal of polypropylene unstretched fiber, to do. 
Reading to this invention, gradual cooling at time of melt 
spinning, it meansthe feet that atmospheric temperature which 
100 to 150 cm leaves from spirmeret is keptin 30 °C or 
higher. When fiber which yam-spinning is done, quench is 
made under the30°C, this said crystal nucleating agent as 
action of opposite reaches point where itworks as nucleating 
agent of crystal, crystal stops being formed in the 
unstretched fiber. As a result, improvement of draw ratio stops 
being seen with stretching processafter. In addition, feet that 
etc furthermore heating and temperature maintenance it does 
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spinneret directly belowas technique of formation promotion of 

crystal of polypropylene unstretched fiber, orincreases 
cooling air tenperature is effective method 

[0018] (2) Drawing operation 

extremely thin fiber is produced by drawing polypropylene unst 
retched fiber which is acquired atdescription above. To do with 
multistage of single stage or 2 stages or more it is possible the 
drawing operation. As for drawing tenperature, melting point 
or lower of crystal of polypropylene is desirable, inrange of 
70 to 140 °C, does oven, hotplate and far infrared 
irradiation etc as theheat source. In addition, draw ratio can 
acquire ultrafine polypropylene fiber under 0.5 denier which 
ismade objective by making 8 to 1 6-fold and preferably 8 to 
13times. 

[0019] (3) Thermal processing 

Ultrafine polypropylene fiber which it acquires in this way, adni 
nisters according to need and the heat treatment. Inside range 
of 80 to 170 °C and preferably 100 to 165 °Q 0.5 to 3 0 
nin and preferably 1 to 2 0 nin itdoes this heat treatment 
generally, thermal contraction of ultrafine polypropylene fiber 
can be controled with this heat treatment . 

[0020] 5. ultrafine polypropylene fiber and its nonwoven fabric 



Because ultrafine polypropylene fiber of this invention is produ 
ced with above-mentionedmethod making use of above- 
mentioned polypropylene composition, fineness of 
polypropylene fiberbecomes extremely thin fiber under 0.5 
denier, using polypropylene extremely thin fiber which is 
acquired, it forms polypropylene nonwoven fabric withthe wet 
process, sintering method, needle punch method, carding 
method, crosslayer method, random web method andthe air 
forming method etc. Furthermore, according to application 
hot-melt adhesion forming nonwoven fabric withthe hot roll, 
etc battery separator or filter it can form Because nonwoven 
fabric frompolypropylene extremely thin fiber which is 
acquired with this invention hasthe fineness under 0.5 denier, 
with battery separator application liquid retention capacity 
improves, with the filter application dust collection and 
filtration capacity improve. As for nonwoven fabric from 
polypropylene fiber which exceeds 0.5 denier, with the battery 
separator application with decrease and filter application of 
liquid retention capacity decrease or other problem ofthe dust 
collection and filtration capacity occurs and is not desirable. 

[0021] 

[Working Exanple(s)] Below, this invention is explained in det 
ail with Working Exanple. test method in Working Example 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation ISTA cannot 

be held liable for any detriment fromitsuse. WWW: http://www.intlscience.com Tel; 800-430-5727) 



P.8 



JP 9914071 9A Machine Translation 



(1) MFR: J IS K 7 2 1 0 ICcfc V 2 . 1 
6 kg. 2 3 0°C\ZXm^Ltzo 

(2) : GPClZTSlSLfco 

(3) P£k$%m : ?KU^Peu>*®#*$t»tt(C* 

XlBffMflt^ tt*4 5 k v X 2 5.0mA, fl£ 
0 : 5-3 0 d e g % £23g4 d o g/#<D& 

fc [A. Turner Jonesb^ Macromo 
I . Chem. , 7 5, 1 34 (1 9 6 4) #RR] . 

K = H (£) / [H (0) + H (a1) + H (ff2) + 
H (ff 3) ] x 1 00 (96) . 

fcf£t, H ( £ ) : 0A (3 0 0) ffitfUsttfrgg 



H (a? 1 ) : a A ( 1 1 0) BOBSi&g 
H (a2) : aA (040) ®<D@#r3$g 
H (ar 3) : aS (13 0) ®<D@#r3£g 

(4) &&mwtem<?>mm: m#xm\zt$i*x. 2o» 



[0 0 2 2] SUE0M 

MFR*<30g/1 0*K »^I»* (Mw/Mn) 
4(D?h ; E7H , J^oeu> (HPP) 1 0 OSSflHC* K 
ittfi±#}tLX \ r. 10 10 Iklf I r . 168 

£fc*0. 05E£Sf, *m#\kLXil)l> 
vWXf7b-hS0. OSmSSP, AtflASftM 
I7vi^- (HrB*3Hb (80 8) £0. 0 5SS 

mi*.. x-/<-a**-t"iioT^u>KLfc!fc, 5 

Omm0O)ffaiJSt»«l=T2 3 0°C, 7 5rpm(0^ 



[002 3] Hbtlfc7K«J^Peu>^Uv h£*7*° 
7-f (*-f* : 0." 3m 

m*x3 0R) £8H>T, ttttMO. 2 2g/»/^ 

H**;Sg250°c, §aSg5 0 0m/», HiikJ X)V 

OOcmltlfcMJllS («TJ»*0aKt^5 
o ) 4 0°CT*£SiSf>&U »4 7 f =-^©*B#**»- 
fco *S#**(3#*tlSi5 H e a a)&J^I*9 0%-Cfeofc 
. fclfC. 7-<-Kxe-K3 0m/», 7-f-KD- 



is as follows. 

(1) MFR : It measured with load 2.16 kg and230°C due to US 
K7210. 

(2) Molecular weight distribution : It measured with GPC . 

(3) crystal content : Output 45 kVX250 mA, it measured 
with condition of measurement range 2 :5to30deg and the 
scan rate 4 degper minute polypropylene unstretched fiber 
those which cutting are nude powder making use ofthe Ltd. Mac 
Science Co. make wide angle x-ray diffraction equipment, 
sought crystal crystal content Kfromfomula below [A 
Turner Jones and others and Macromolecular Chemistry and 
Physics (1022-1352, MCHPES) ,75,134(1964) reference]. 

K=H( )/[H( ) +H( 1) +H( 2) + H( 3)] X 100(%). 

However, H( ) : Diffraction intensity of crystal (300) asp 
ect 

H( 1): Diffraction intensity of crystal (110) plane 
H( 2): Diffraction intensity of crystal (040) face 
H( 3): Diffraction intensity of crystal (130) aspect 

(4) Appraisal : ofmaxurumdraw ratio In stretching process, it 
made draw ratio of upper limit which yarn break due tothe 2 0- 
rrinute drawing does not occur. 

[0022] Working Example 1 

MFRJOg'lOnin and molecular weight distribution (Mw/Mn) 
calciumstearate 0.05 parts by weight added 0.05 parts by weight , 
the and crystal nucleating agent NJStar (New Japan 
Chenical Co. Ltd (DB 69-057-6236) make) to 
hoiropolypropylene (HPP) 100 parts by weight of 4, each 0.05 
parts by weight , withthe Ir. 1010 andIr.l68(Ciba-Geigy 
make) as neutralizing agent as antioxidant, after 
blendingmaking use of supemixer, with extrusion molding 
machine of 50 nm diameter melt nixing didwith screw 
rotations of 230 °C and 75 rpm, acquired polypropylene of 
the pellet. 

[0023] Polypropylene pellet which it acquires extrusion amoun 
1 0.22 gfainute / hole, melt spinning was donewiththe 
atmospheric tenperature (You call cooling tenperature below . 
) 40 °C which 100 cm leaves from spinning temperature 250 
°C, windup speed 500 i^nin and spinneret making use of 
gear pump equipped nultifilament spinning machine ( die :0.3 
mmdiameter X 30 hole), unstretched fiber ofapproximately 4 
denier was acquired Ratio of crystal which is included in 
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ju;£g90°c. s#jS<&fc-*-;flgi 30°C, KP- 

f£¥l*9teT-, 8. SftBflfcTltgO. 47T--JU 



unstretched fiber was 90 %. Next, heater tenperature 130 °C 
of feed speed 30 nririn, feed roll temperature 90 °C and 
draw point, drawing wasdone under condition of draw roll 
temperature 110 °C nBxinum draw ratio with 9 times, 
acquired fiber of fineness 0.47 denier with the8. 5 times drawing . 



[0024] mmm2 



[0024] Working Example2 



MFRA<100g/10^ ft*m#m<3. 6(7)** 
7KU?Deu>£m*fcmrtl*, SIMM HtiM=L"C< 
l/7Ktt^^aei/>$Hfco *&3fcfc#y*Ptf 

*«£JBl*T\ tttfcJSO. 2 2 g/#/^ tt&a52 
2 0°C, g»l*gg5 OOm/», ^a;Sg4 0 o CT?S 

-Kxe-K3 0m/#, 7-f-KP-;i/aa9 0°C, 
B#jft0)t-*-a*1 3 0°C, KP-P-M,fflSl 1 

, 11fgE#KT«gO. 3 9x--;UD«*t£*tfco 



[0 0 2 5] SKIN 3 
MFR^200g/10^ 3. 3<D** 

*tt£ffll*"C, ttffiSO. 2 2g/»/^ $&&;£g2 
0 0°C, *JMSaB5 0 0m/fl\ #£P;£g4 0 o CT*}§ 
MttftU «4f=-^*E#**llfc. 

-K*tf-K3 0m/*K 7-f-KP-M>ffig9 0°C, 

8#jS0)b->-afii 3 0°c. Kp-p-;nagi 1 

, 1 3f&S#(CT«gO. 3 2f=-JM>*lt**fc. 



[O O 2 6] §l!fi^4 
MFRAMOOg/10^ 3. 9, If 

ft-(RPP) *JBl\ l^viX$-»IS0. 11 

T\ tttb^O. 2 2g/»/^ ttMSieot, • 
Mtilg 5 0 0 m/*J\ )frffl»g4 0^"e*BMfi#U 



MFR other than 100 g^lOnin and molecular weight distributio 
n use homopolypropyiene of the3.6, polypropylene of pellet 
was acquired to Working Example 1 similar, polypropylene 
pellet which is acquired extrusion amount 022 gfainute / hole, 
spinning temperature 220 °C andthe winding taking velocity 
500 m/nin , melt spinning was done with cooling temperature 
40 °C making useof multifilament spinning machine which is 
similar to Working Example 1, unstretched fiber of 
approximately4 denier was acquired Ratio of crystal which 
is included in unstretched fiber was 88% Next, heater 
temperature 130 °C of feed speed 30 ro/nin, feed roll 
temperature 90 °C and draw point, drawing wasdone under 
condition of draw roll temperature 1 10 °C maximum draw 
ratio with 1 2 times, acquired fiber of fineness 0.39 denier with 
thel 1 times drawing. 

[0025] Working Example 3 

MFR other than 200 g/10 nin and molecular weight distributio 
n use homopolypropyiene of the3.3, polypropylene of pellet 
was acquired to Working Example 1 similar, polypropylene 
pellet which is acquired extrusion amount 022 gfainute / hole, 
spinning temperature 200 °C andthe winding taking velocity 
500 nVnin , melt spinning was done with cooling tenperature 
40 °C making useof multifilament spinning machine which is 
similar to Working Example 1, unstretched fiber of 
approxiimtely4 denier was acquired Ratio of crystal which 
is included in unstretched fiber was 87 % Next, heater 
tenperature 130 °C of feed speed 30 m^rin, feedroll 
tenperature 90 °C and draw point, drawing wasdone under 
condition of draw roll temperature 1 10 °C. maxinumdraw 
ratio with 1 4-fold, acquired fiber of fineness 0.32 denier with 
thel 3 times drawing. 

[0026] Working Example 4 . 

MFR 100 nin and molecular weight distribution 3.9 and e 
thyiene content other thandesignating NJStar addition quantity 
as 0. 1 parts by weight making use of ethylene - propylene 
copolymer (RPP) of theO.5 weight %, acquired polypropylene 
of pellet to similar to Working Example 1. polypropylene 
pellet which is acquired extrusion amount 0.22 gfainute / hole, 
spinning tenperature 190 °C andthe winding taking velocity 
500 nynin,melt spinning was done with cooling temperature 
40 °C making useof multifilament spinning machine which is 
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[0 0 2 7] 3g|£«5 

MFR)(l<100g/10^ 3. 8, x^ 

b>£$fco HbWJ'J ^Ptfl/V^L/y h££J£0« 
0. 2 2g/»/^ «*IBioo^ glxffxSgs 

Iij£i*5 0%T?feofco K3 0 

aSl 1 0°C, KDrP-^111 1 0°C<B&<*TT?B 
ttfcftofco Si§E#te¥l*9. BflfC, 9«B#(zt 
«g0. 4Bf>*OlMSjlfc.- 



[00 2 8] 

MFR^100g/10^ 3. 6* X* 

X*viX*-j$JOt£0. 1I«tLfcB» 
li, XM1 fcMCLt^by htt<D^«J^PtfU> 
£#fc«> flbtLfc* 0| J^Pfcf h^lgffiWl <k 

2 2g/»/^ 3K*;Sg1 9 0°C % IU3B5 0.0 

l*3 5%"Cfcofc. *t^*e* 7-r-K*fcf-K3 0m/ 
# % 7^-KP-;Ufflg9 0 < t, 8#jfi<Dfc-*-;flg 

1 1 o°c, Kp-p-;usgi 1 o°c<d£#T"C£#£ 
ffofc. ««B#**l*9»-e, 8. 5«B#lct«a 
0. 4 7f--iKDlft^fco 



[0029] Sg»«7 

Sffll^T, ttttSO. 2 2g/»/^ tt*ag2 2 0 



sinilar to Working Example 1, unstretched fiber of 
approximately4 denier was acquired Ratio of crystal which 
is included in this unstretched fiber was 65 %. Next, heater 
temperature 120 °C of feed speed 30 nVrrin, feed roll 
temperature 90 °C and draw point, drawing wasdone under 
condition of draw roll temperature 1 10 °C. rnaxirnumdraw 
ratio with 10 times, acquired fiber of fineness 0.44 denier with 
the9. 5 times drawing . 

[0027] Working Example 5 

MFR 100 g/10 rrin and molecular weigjit distribution 3.8 and 
thylene content other thandesignating NJStar addition quantity 
as 0.1 parts by weight making use of ethylene - propylene 
copolymer of thel .5 weight %, acquired rxJypropylene of 
pellet to similar to Working Example 1 . rxriypropylene 
pellet which is acquired extrusion amount 022 g/ninute / hole, 
spinning tenqperature 190 °C andthe winding taking velocity 
500 rrrtiin , melt spinning was done with cooling temperature 
40 °C making useof multifilament spinning machine which is 
similar to Working Example 1 , unstretched fiber of 
ar^roximately4 denier was acquired Ratio of crystal which 
is included in this unstretched fiber was 50 % Next, heater 
tenperature 110 °C of feed speed 30 rrMn, feed roll 
temperature 90 °C and draw point, drawing wasdone under 
condition of draw roll tenperature 110 °C maxinumdraw 
ratio with 9. 5 times, acquired fiber of fineness 0.45 denier with 
the 9 times drawing . 

[0028] Working Example 6 

MFR 100 g/10 rrin and molecular weight distribution 3.6 and 
thylene content other thandesignating NJStar addition quantity 
as 0. 1 parts by weight making use of ethylene - propylene 
copolymer of the2 wt%, acquired polyprop>dene of pellet to 
similar to Working Example 1 . polypropylene pellet which is 
acquired extrusion amount 0.22 gtoinute / hole, spinning 
tenperature 190 °C andthe winding taking velocity 500 
nrtrin , melt spinning was done with cooling temperature 40 
°C making useof multifilament spinning machine which is 
similar to Working Example 1 , unstretched fiber of 
approximately4 denier was acquired Ratio of crystal which 
is included in this unstretched fiber was 35%. Next, heater 
temperature 110°C of feed speed 30 r^nin, feedroll 
temperature 90 °C and draw point, drawing wasdone under 
condition of draw roll temperature 1 10 °C. maximim draw 
ratio with 9 times, acquired fiber of fineness 0.47 denier with 
the8. 5 times drawing . 

[0029] Working Example 7 

Making use of pellet homopolypropyiene which is rnanufacture 
d with Working Example 2, this the extrusion amount 0.22 
gfanute/hole, spinning temperature 220 °C and winding 
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[0 0 3p]'tt««l 

MFR^30g/1 o«\ #**»**ua>*«tfy? 

Pt?U>1 OOfiSSPI^, «fcW±#JiLT I r. 10 
1 O&tfl r. 168 £&*0. 0 

0 5S§S!£J)Da.. X-/<-S**-«fflt^"C^U>K 
Lfc&, 5 Omm«<D#ti3Re^«fCT2 3 0°C, 7 5 r 

[0 0 3 1 ] Hbtlfe^'J^PtfUV^^^ h *S6S6« 

0.2 2 g/tf/ft, tt*SS2 5 0°C, miBSK6 
0 0m/^ >nPag4 0 o CT-Sffll$6*U ft4f-- 

ilJ^I*0%T?feofc o fcive, 7-r-Kxe-K30m 
g1 3 0°C, Kn— n-Jl>»gl 1 O^C<&£#TT-B# 

*ffofc 0 «*B#«*i*6«*-cL^aa*^ 5. 



[0 0 3 2] J±«0«2 

MFR*<1 00g/1 0*h ^l»*/)<3. 6<D*=E 

^';^peu>$ffl^fcwnii, JtHflii tB«rzLT 

lfU>^l/9 UrMMPM tHttW^J^^-f 5^>h 
2 2 0°C, #»»2g5 0 0m/»v JftiPag 4 0°CC 

7-f-Kxe-K3 0m/», 7-f-KP-JUag9 0 
E#^(Dt-*-ag1 30°C, KP-P-^Ufflg 
1 1 O°C0&ftTT*&#£ftofc:o JMEB4tft*l*6. 



taking velocity 500 nVrrin , melt spinning was donewith 
cooling tenperature 30 °C making use of mJtifilament 
spinning machine which is similar to Working Exanple 1 ,the 
unstretched fiber of approximately 4 denier was.acquired Ratio 
of crystal which is included in this unstretched fiber was 30 
% Next, heater tenperature 120 °C of feed speed 30 nYnin , 
feed roll temperature 90 °C and draw point, drawing wasdone 
under condition of draw roll tenperature 1 10 °C nmimum 
draw ratio with 10 times, acquired fiber of fineness 0.44 denier 
with the9. 5 times drawing . 

[0030] Conparative Exanple 1 

MFR30j^l0nin and molecular weigjit distribution in homopo 
lypropylene 100 parts by weight of 4, afterblending including 0. 
05 parts by weight, rraking use of supemixer, with extrusion 
molding machine of 50 mm diameter melt nixing did calcium 
stearate with screw rotations of 230 °C andthe 75 rpmeach 0. 
05 parts by weight, with Ir.1010 andIr.l68(aba-Geigy 
make) as neutralizing agent asthe antioxidant, acquired 
polypropylene of pellet. 

[0031] Polypropylene pellet which it acquires extrusion amoun 
1 0.22 gfainute/ hole, spinning tenperature 250 °C and 
windingtaking velocity 500 nVnin , melt spinning was done 
with cooling tenperature 40 °G making use of 
thernultifilament ginning machine which is similar to Working 
Exanple 1 , unstretched fiber of approximately 4 denierwas 
acquired Ratio of crystal which is included in this 
unstretched fiber was 0 % Next, heater temperature 130 °C 
of feed speed 30 nVmin, feed roll tenperature 90 °C and 
draw point, drawing wasdone under condition of draw roll 
tenperature 1 10 °C naxirnum draw ratio could arrive to only 
6-fold, with 5. 5 times drawing could acqirireto only fiber of 
fineness 0.75 denier. 

[0032] Conparative Exanple 2 

MFR other than 100 g/lOnin and molecular wight distributio 
n use homopolypropyiene of the3 .6, polypropylene of pellet 
was acquired to similar to Conparative Exanple 1. 
polypropylene pellet which is acquired extrusion amount 0.22 
g/ninute/hole, spinning tenperature 220 °C andthe winding 
taking velocity 500 nVnin , melt spinning was done with 
cooling tenperature 40 °C making useof nultifilament 
spinning machine which is similar to Working Exanple 1 , 
unstretched fiber of approximate^ denier was acquired Ratio 
of crystal which is included in this unstretched fiber was 0%. 
Next, heater temperature 130 °C of feed speed 30 nVnin, 
feed roll tenperature 90 °C and draw point, drawing wasdone 
under condition of draw roll tenperature 1 10 °C rnaximum 
draw ratio could arrive to only 6. 5 times, with 6-fold drawing 
could acqirireto only fiber of fineness 0.7 denier. 
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[0 0 3 3] Jt««3 

MFRj5 { 200g/10», 3. 3 0*t 

htta>#'J:7Ptfu>£*#fco #6*ifc#y^P 

2 0 0%; *M«6 0 0m/», tfaag 4 0°CT' 
7-f-Kxe-K30m/^ 7-f-KP-JUfflg90 

°c, &#jS0fc-*-;Sgi 3 o°c, Kp-p-^as 
1 1 ot(D*ttTti#«f5ofco SigS#fc$l*7f§ 
C-eL^SS*^ 6. 5f&S#fCT«gO. 6f-- 
;u<D«*t * -e L *ff h Z t £ o fc o 



[0034] tt««4 

mso. 2 2 g/#/rt. tt*sg2 5 o°c. mw&m 

g5 0 0m/», »aag2 0%-C5Sitttt*L, »4t 

H(DflJ£li9. 6%T*feofc. KXtf— 
K3 0m/», — KP-lUMM 0%, S#j5<0t 
-*-»g130%, KP-P-JuaS! 1 O^Cflftft 

6fSS#(CT«g0. 6 9x--^<0«lf*-C 



[0035] ttttflS 

ffiiO. 2 2g/»/^ $fr&Sg2 20°C, #1XK2 
g5O0m/», Jfrffl»g2 0%T**IIM**U &4t 

K3 0m/», 7-f-KP-;uag9 0°C, Ift^t 

-*-&gi 30%, Kp-p-juasi 1 o°c<d£# 

T-e®#$ftofco «SB#tt*i*7. 6ft** L*a 

***\ 7<ss#i3r«go. 5 7x=.-^<o«it*^ 



[003 6] tt&0!6 



[0033] Conparative Example 3 

MFR other than 200 g'lOnin and molecular weight distributio 
nuse hoirDpolypropylene of the3.3, polypropylene of pellet 
was acquired to similar to Comparative Example 1. 
polypropylene pellet which is acquired extrusion amount 0.22 
gfanute/hole, spinning terrperature 200 °C andthe winding 
taking velocity 500 nYrrin , melt firming was done with 
cooling terrperature 40 °C making useof irultifilament 
spinning machine which is similar to Working Example 1, 
unstretched fiber of approximately! denier was acquired Ratio 
of crystal which is included in this unstretcted fiber was 0 %. 
Next, heater temperature 130 °C of feed speed 30 n^rrin, 
feed roll terrperature 90 °C and draw point, drawing wasdone 
under condition of draw roll terrperature 110 °C maximum 
draw ratio could arrive to only 7 times, with 6. 5 times drawing 
could acquireto only fiber of fineness 0.6 denier. 

[0034] Comparative Example 4 

extrusion amount 0.22 gfainute/hole, spinning temperature 2 
50 °C and windingtaking velocity 500 mfain,nElt ginning 
it didwith cooling terrperature 20 °C polypropylene of pellet 
which is rrmurfactured with theWorking Example 1, making use 
of multifilament spinning machine which is similar to Working 
Example 1, acquiredthe uristretched fiberofar^oxirrBtely4 
denier. Ratio of crystal which is included in this unstretched 
fiber was 9.6 %. Next, heater terrperature 130 °C of feed 
speed 30 rtfrrin , feed roll temperature 90 °C and draw point, 
drawing wasdone under condition of draw roll terrperature 110 
°C. rmxirriimdraw ratio could arrive to only 6. 5 times, with 
6-fold drawing could acquireto only fiber of fineness 0.69 denier. 

[0035] Comparative Example 5 

extrusion amount 022 g^minute / hole, spinning terrperature 2 
20 °C and winding taking velocity 500 nVirin , melt spinning 
it didwith cooling temperature 20 °C polypropylene of pellet 
which is rmnufactured with theWorking Example 2, making use 
of multifilament spinning machine which is similar to Working 
Example 1, acquiredthe unstretched fiber of approximately 4 
denier. Ratio of crystal which is included in this unstretched 
fiber was 8.4 %. Next, heater terrperature 130 °C of feed 
speed 30 nVmin, feed roll temperature 90 °C and draw point, 
drawing wasdone under condition of draw roll temperature 1 10 
°C. maximimdraw ratio could arrive to only 7. 5 times, with 
7 times drawing could acquireto only fiber of fineness 0.57 
denier. 

[0036] Comparative Exarrple 6 

extrusion amount 0.22 ^minute / hole, spinning temperature 2 
00 °C and winding taking velocity 500 mfmm , melt spinning 
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[0 0 3 8] s«flAtfitttfla)««$«^»rsirc 

[0039] 



it didwith cooling tenperature 20 °C polypropylene of pellet 
which is manufactured with theWorkdng Exanple 3, making use 
of nultifilament spinning machine which is sinilar to Working 
Exanple 1 , acqiriredthe unstretched fiber of approximately 4 
denier. Ratio of crystal which is included in this unstretched 
fiber was 9.3 % Next, heater temperature 130 °C of feed 
speed 30 r^nin, feed roll tenperature 90 °C and draw point, 
(tawing wasdone under condition of draw roll temperature 1 10 
°C maxiniimdrawratio could arrive to only 7. 8 times, with 
7. 2 times drawing could acquireto only fiber of fineness0.55 
denier. 

[0037] Comparative Exanple 7 

extrusion amount 0.22 gfainute/ hole, spinning tenperature 1 
90 °C and winding taking velocity 5(X) mfain , melt spinning 
it didwith cooling tenperature 20 °C polypropylene of pellet 
which is manufactured with the Working Example 5, making use 
of nultifilament spinning machine which is similar to Working 
Exanple 1, acqiriredthe unstretched fiber of approximately 4 
denier. Ratio of crystal which is included in this unstretched 
fiber was 0%, the entirety was jp8 mosquito crystal 
system Next, heater temperature 110°C of feed speed 50 
rn^nin, feed roll temperature 90 °C and draw point, drawing 
wasdone under condition of draw roll tenperature 1 10 °C 
maxirmmdraw ratio could arrive to only 6-fold, with 5. 5 times 
drawing could acquireto only fiber of fineness 0.75 denier. 

[0038] Collecting result of Working Exanple and Comparative 
Exanple, it shows in Table 1 . 

[0039] 
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[Effects of the Invention] Ultrafine polypropylene fiber of this 
invention melt spinning designating composition which adds the 

crystal nucleating agent to specific polypropylene as under 
gradual cooling, altitude drawing theunstretched fiber where 
crystal content which is acquired is high, is polypropylene fiber 
which isacqirired, fineness is ultrafine under 0.5 denier. 
Therefore, as for nonwoven fabric which uses ultrafine 
polypropylene fiber which is acquiredwith this invention, with 
battery separator application liquid retention capacity irrproves, 
with filter application thedust collection and filtration 
capacity improve. 
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